Protein interacting with C kinase 1 (PICK1) is a PDZ-containing protein that binds to AMPA receptor (AMPAR) GluR2 subunit and protein kinase Ca (PKCa) in the central neurons. It functions as a targeting and transport protein, presents the activated form of PKCa to synaptic GluR2, and participates in synaptic AMPAR trafficking in the nervous system. Thus, PICK1 might be involved in many physiological and pathological processes triggered via the activation of AMPARs. We report herein that PICK1 knockout mice display impaired mechanical and thermal pain hypersensitivities during complete Freund's adjuvant (CFA)-induced inflammatory pain maintenance. Acute transient knockdown of spinal cord PICK1 through intrathecal injection of PICK1 antisense oligodeoxynucleotide had a similar effect. In contrast, knockout and knockdown of spinal cord PICK1 did not affect incision-induced guarding pain behaviors or mechanical or thermal pain hypersensitivities. We also found that PICK1 is highly expressed in dorsal horn, where it interacts with GluR2 and PKCa. Injection of CFA into a hind paw, but not a hind paw incision, increased PKCa-mediated GluR2 phosphorylation at Ser880 and GluR2 internalization in dorsal horn. These increases were absent when spinal cord PICK1 was deficient. Given that dorsal horn PKCa-mediated GluR2 phosphorylation at Ser880 and GluR2 internalization contribute to the maintenance of CFA-induced inflammatory pain, our findings suggest that spinal PICK1 may participate in the maintenance of persistent inflammatory pain, but not in incision-induced post-operative pain, through promoting PKCa-mediated GluR2 phosphorylation and internalization in dorsal horn neurons. Ó
a b s t r a c t
Protein interacting with C kinase 1 (PICK1) is a PDZ-containing protein that binds to AMPA receptor (AMPAR) GluR2 subunit and protein kinase Ca (PKCa) in the central neurons. It functions as a targeting and transport protein, presents the activated form of PKCa to synaptic GluR2, and participates in synaptic AMPAR trafficking in the nervous system. Thus, PICK1 might be involved in many physiological and pathological processes triggered via the activation of AMPARs. We report herein that PICK1 knockout mice display impaired mechanical and thermal pain hypersensitivities during complete Freund's adjuvant (CFA)-induced inflammatory pain maintenance. Acute transient knockdown of spinal cord PICK1 through intrathecal injection of PICK1 antisense oligodeoxynucleotide had a similar effect. In contrast, knockout and knockdown of spinal cord PICK1 did not affect incision-induced guarding pain behaviors or mechanical or thermal pain hypersensitivities. We also found that PICK1 is highly expressed in dorsal horn, where it interacts with GluR2 and PKCa. Injection of CFA into a hind paw, but not a hind paw incision, increased PKCa-mediated GluR2 phosphorylation at Ser880 and GluR2 internalization in dorsal horn. These increases were absent when spinal cord PICK1 was deficient. Given that dorsal horn PKCa-mediated GluR2 phosphorylation at Ser880 and GluR2 internalization contribute to the maintenance of CFA-induced inflammatory pain, our findings suggest that spinal PICK1 may participate in the maintenance of persistent inflammatory pain, but not in incision-induced post-operative pain, through promoting PKCa-mediated GluR2 phosphorylation and internalization in dorsal horn neurons.
Ó 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Introduction
The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs) are heterotetrameric cation channels composed of receptor subunits GluR1-4 [2,13]. They mediate the majority of fast excitatory postsynaptic transmissions. Therefore, changes in postsynaptic membrane trafficking or in synaptic targeting of AMPAR subunits alter excitatory synaptic strength. These changes are recognized as a key mechanism that underlies various forms of synaptic plasticity in the central nervous system [6, 11] . Recent evidence indicates that peripheral noxious insults drive changes in synaptic AMPAR subunit trafficking in dorsal horn neurons and that such changes may contribute to dorsal horn central sensitization (a specific form of synaptic plasticity) in persistent pain [28] . Subcutaneous injection of complete Freund's adjuvant (CFA) into a rat hind paw, which produces long-lasting peripheral inflammation and persistent inflammatory pain, leads to GluR2 internalization at synapses in dorsal horn neurons during the maintenance period [16, 21, 22] . This internalization requires NMDA receptor (NMDAR)-triggered spinal cord protein kinase C alpha (PKCa) activation and PKCa-mediated phosphorylation of GluR2 at Ser880 [21] . Furthermore, preventing CFAinduced dorsal horn GluR2 internalization through targeted mutation of the GluR2 PKCa phosphorylation site impairs CFAevoked nociceptive hypersensitivity during the maintenance period [21] . These findings suggest that dorsal horn PKCa-mediated GluR2 phosphorylation and subsequent GluR2 internalization might participate in the maintenance of pain hypersensitivity in persistent inflammatory pain. 
